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(54) DC offset cancellation in a quadrature receiver 



(57) A method for demodulating a radio frequency 
signal having a frequency (f). by oscillating a denxxJula- 
tor (70) at a frequency (F) different from the signal fre- 
quency (f). and measuring a DC offset value at this 
different frequency (F). the DC offset value being asso- 
ciated with interference. Then the demodulator (70) is 
oscillated at the signal frequency (f), thereby pro\nding a 
demodulated signal. The DC offset value is subftracted 



from the demodulated signal in order to provide demod- 
ulated signal with a substantially reduce DC compo- 
nant The danodulated signal is then monitored for 
further DC offset components, and these further DC off- 
set components are subtracted from the demodulated 
signal. 
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Description 

Reld of the Inverrtip n 

[0001] This invention relates to demodulation math- 5 
ods and particularly but not exclusively to methods for 
demodulating a Radio-Frequency (RF) signal in a port- 
able communications device. 

Background of the Invention io 

[0002] Portable communications devices such as 
mobile telephones typically operate with a limited power 
supply in the form of a battery, and hence have a limited 
period of operatioi before the battery must be is 
recharged or r^aced. 

[0003] Many efforts eu-e being made to reduce the 
power consumption of such portable devices, in order to 
lengthen the above period of operation. When su<^ a 
portable device is not actively involved In a call, (a so- 20 
called standby mode), the device periodically listens* to 
a control channel, which will then alert the device in the 
case of an Incoming call. This is referred to as Discon> 
tinuous Receiving Mode (DRX mode). During DRX 
nKxie, most power is consumed when the receiver 2s 
apparatus is actually switched on, and therefore a key 
goal is to reduce the receiver appanatt® 'on' time. 
[0004] A problem with the receiver apparatus is that 
whilst receiving and denrnxlulating a signal. Direct Cur- 
rent (DC) interference generated internally interferes 30 
with the signal, limiting dynamic range. 
[0005] A known solution to this problem is to provide 
in the receiver apparatus, a DC adapt st^, prior to 
demodulating the sigr^l. which substantially cancels 
the DC interference. However the receiver apparatus 3S 
must be switched on during this DC adapt step, thereby 
causing an increased *on' time of the receiver apparatus 
and hence resulting in a large power drain. 
[0006] This invention seeks to provide a demodulation 
method which mitigates the above mentknied disadvan- 40 
tages. 

Swnwnary the invention 

[0007] AccorcOng to a f ffst aspect of the present inven- 4s 
tion there is provided a demodulation method for 
denxxiulating a radio frequency signal having a first fre- 
quency, comprising tiie steps of: oscillating demodula- 
tion means at a second frequency, the second 
frequency being different from the first frequency; so 
measuring a DC offset value from the second fre- 
quency, the DC offset value being associated with inter- 
nal interference; oscillating the denuKiulation means at 
the first frequency in order to demodulate the radio fre- 
quency ^gnal, thereby providing a demodulated signal; ss 
sut3tracting the DC offset value from the dennodulated 
signal in order to provide a demodulated signal with a 
substantially reduced DC connponent; monitoring the 



demodulated signal for further DC offset components; 
and subtracting the further DC offset components from 
the demodulated signal. 

[00(^1 According to a second aspect of the present 
invention there is provided a demodulation arrangement 
for demodulating a radio frequency signal having a first 
frequency, the an-angement conprlsing: demodulation 
mear^ arranged to oscillate at the first frequency and at 
a second frequency, the second frequency being differ- 
ent from the first frequency; filtering means for measur- 
ing a DC offset value from the first frequency and from 
the second frequency, the DC offset value being associ- 
ated with interference; and subtracting means for sub- 
tracting the DC offset value from the demodulated 
signal rn order to provide a demodulated signal with a 
substantially reduced DC component, wherein tiie 
demodulation means initially oscillates at the second 
frequency such that the filtering means measures a DC 
offset value substantially dependent upon internal inter- 
ference. 

[0009] In this way a demodulation metiiod and 
arrangement are provided which exhibit reduced power 
consumption by providing a -short DC adapt step which 
reduces the 'on' time of the receiver (denmlulator). 

Brief Descriotk^ of the Drawings 

[001 0] An exemplary embodiment of the invention wil I 
now be described with reference to the drawing in 
which: 

FIG. 1 shows a preferred embodiment of a receiver 
of a portatrfe comnunications device In accordance 
with the invention. 

FIQ. 2 shows a detailed view of a portion of the 
emk)Odiment of FIG. 1. 

FIG. 3 shows a series of frequency diagrams illus- 
trating signals associated witfi the inventfon. 

FIG. 4 shows an atternative embodiment of a 
receiver of a portable convnunfoations device In 
accordance with the invention. 

PetqiiQd D^nptipn qf a Prgf^r^ ^n^^odiment 

[00111 Referring to FIG. 1 . there fe shown a RF Direct 
Conversion Receiver (DCR) 5 of a portable communica- 
tions devtee. The DCR 5 has an antenna 7, coupled via 
a receive filter 8 to an amplifier and mixer stage 10, and 
a fow frequency stage 100. 

[0012] The amplifier and mixer stage 10 has a low 
noise amplifier with an \xvp\Ji coupled to receive a filtered 
RF signal from the receive filter 8 and an output which is 
split into two paths. A first path is coupled via a first 
nrnxer 30 to a first signal amplifier 40. Similariy a secorxi 
path is coupled via a saoorxi mixer 50 to a second sig- 
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nal ampRfier 60. 

[001 3] The first and second mixers 30 and 50 are also 
coupled to receive sine and cosine components respec- 
tively of an oscillating signal from a fractional-N type 
^nthesised oscillator 70. In this way the first and sec- s 
ond mixers 30 and 50 and the first and second agnal 
amplifiers 40 and 60 respectively provide In-phase (i) 
and quadrature (Q) mixed signals which are demodu- 
lated components of the RF signal. 

10014] Rrst and second DIgital-to- Analogue Convert- io 
ers (DACs) 35 and 55 provide static offset values for the 
first and second mixers 30 €Uid 50 respectively, to be 
further descrit}ed below. Further DACs 75 provide 
phase and mismatch correction functions for the frac- 
tional-N oscillator 70. via a CR/RC network 77. The is 
CR/RC network is a quadrature network generator that 
generates cosine and ane components of the frac- 
tional-N oscillator 70. The first and second s^al ampli- 
fiers 40 and 60 each have gain control irputs, for 
adjusting the gain thereof. 20 
[0015] The low frequency stage 100 also has two 
paths. A first path, which starts from tiie I signal of the 
first signal amplifier 40 (the I path) comprises (in 
sequQice) a first bandwidth adjustment filter 1 10. a first 
low-frequency amplifier 120. a first Analogue-to-Digital 25 
(A/D) converter 130 and a first baseband filter 140. The 
output of the first baseband filter 140 is a signal ld(t). 
[0016] Similarly the second path, which starts from the 
Q signal of the second signal amplifier 60 (the Q path) 
conprises (in sequence) a second bandwidth adjust- 30 
mentfifter 160» a second low-frequency amplifier 170. a 
second A/D converter 180 and a second baseband filter 
190. The output of the second baseband fDter 190 is a 
signal Qd(t). 

[001 7J The f irst and second bandwidth adjustment f il- 3S 
ters 1 1 0 and 1 60 and the first and second tasetand fil- 
ters 140 and 190 each have filter control inputs, to 
control the filtering thereof. Similarly the first and sec- 
ond low-frequency amplifiens 120 and 170 each have 
gain control inputs to control the gain thereof. 4o 
[0018] Refen-ing now also to FIG. 2. which shows fn 
greater detail a portion of the low frequ^icy stage of 
FIQ. 1 . there is provided a gain/phase con-ection block 
200 and a complex low-pass filter (LPF) 210. 
[001 9] The gain4>hase conection block 200 is coupied 45 
to receive the ld(t) and Qd(t) signals and Gain adjust- 
ment (Ad) and Phase (0) contrd signals. The bk)ck 200 
may be realised in hardware or software, and is 
arranged to provide the following result:- 

60 

lout-»jQout«ld+jQd"Ad*ej(0) Equation 1 

where lout and Qout are gain conected, phase adjusted 
I and Q signals. The Ad and 0 control signals are factory 
set and are intended to remove any phase or gain mis- ss 
matches occurring between the I and Q paths as a 
result of analogue device variations. Any such mis- 
matches could cause aliasing t>etween channels of the 



receive spectrum. 

[0020] The lout and Qout signals are then filtered by 
the complex LPF 210 to produce IDCest and QDOest 
signals representing the DC offset component of the 
lout and Qout signals. The IDCest signal is then sub- 
tracted from the lout signal, at a nujx block 220. Simi- 
larly, the QDCest signal is subtracted from the Qout 
signal, at a mux block 230. in this way the DC offset 
component of the lout and Qout signals are sut>stan- 
tiaily cancelled. 

[0021] In operation, and refening now also to FIG. 3, 
a fest DC adapt step is achieved as follows. For desired 
democ&ilation of a frequency f. the fractional-N osdflator 
70 is first set to a frequency F=f+a, where 3 is an appro- 
priate offset value. In FIG. 3a, there is shown a wanted 
spectrum 300 centred on the frequency f, artd an adja- 
cent channel spectrum 310. Gain and phase mis- 
matches between the I and the Q paths result in aliased 
images of the wanted S|3ectrum 300 and the adjacent 
channel spectrum 310, which appear as images 315 
(image of the wanted spectrum 300) and 305 (image of 
the adjacent channel spectrum 310). The offset d is 
chosen in this case to be half of the bandwkfth of the 
wanted spectrum 300, such that the initial oscillation Ire- 
quency F (=f+d) is outside of the wanted spectrum 300, 
and also dear of the adjacent channel 310. A vector 
Vin(t) at the frequency F, represents the DC offeet 
derived from ld(t) and Qd(t). 

[0022] FIG. 3b shows a second vector Vout(t) (derived 
from lout and Qout) representative of the gain and 
phase corrected DC offset The gain and phase conec- 
tion sutsstantially removes the images 305 and 310 from 
the adjacent channel 310 and the wanted spectrum 300 
respectively. A widel>and envelope 350 of FIG. 3b repre- 
sents the wid^nd filtering to be performed by the 
comii^ex LPF 21 0. FIG. 3c then shows the result of tills 
filtering, in the fbnm of a third vector VDC(t) (derived 
from IDCest and QDCest) which represents the DC off- 
set. 

[0023] The DC offset value is based on a measure- 
ment shifted from the frequency f, and is therefore 
almost exclusively the result of Internal interference. 
Also, it is possble during the last DC adapt mode, to 
effectively switch off the anpltf ier and mixer stage 10. by 
switching off or reducing the gain of the LNA 20 in order 
to reduce the levels of wanted signals and acQacent 
channels versus tfie DC offsets. This RF isolation is of 
interest during the static DC offeet value estination. 
[0024] The fractional-N oscillator 70 is then set to 
oscillate at the frequency f. in order to provide the 
desired demodulated signal. The DC offset value given 
by IDCest and QDCest is then subtracted from the 
demodulated signal in order to provide a demodulated 
signal with a substantially reduced DC component 
[0025] The kjlocks 200 and 21 0 then continue to pro- 
vide further DC offset values, which are subtracted to 
further reduce the amount of DC offset present in the 
denxxlulated signal. However, the complex LPF 210 
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may be acljusted so as to have a different fitter envelope 
to the wideband envelope 350 shown in FIG. 3b. in par- 
ticular, the complex LPF 210 may. when filtering the 
demodulated signal, define a narrowt>and envelope. 
[0026] The first and second DACs 35 and 55 may be 
arranged to store the results of the last DC adapt step 
described above, such that when the same wanted fre- 
quency is demcxiulated at a later time, the DACs 35 and 
55 can provide appropriate static offset values for the 
first and second mixers 30 and 50 respectively, such 
that the fast DC adapt step need not be performed every 
time the wanted frequency is demodulated. 
[0027] Refenring now also to FIQ. 4, there is shown a 
zero-IF (ZIF) RF receiver 400 of a portable communica- 
tions device. The ZIF RF receiver 400 differs from the 
OCR receiver 100 of FIQ. 1 in that the denxxJulation 
takes place in two stages, and there are two osdilators. 
A frst stage 410 comprises a main synthesiser 420, 
which demodulates a received signal to an Intermediate 
frequency (IF). 

[0028] The second stage 500 has a second oscillator 
510. which is a low-onder fractional-N syrrthesiser, cou- 
pled to provide oscillation signals to first and second 
mixers 520 and 530. The first and second mixers 520 
and 530 spKt the IF signal from the first stage 410 into 
two paths, cm I path and a Q path, similar to those of 
FIG- 1. The use of a sfrnllar approach to DCR in ZIF 
receiver 400 as in DCR is possible. However, a different 
type of cancellation is required for the ZIF receiver 400. 
[0029] The IF signal will always be at the same fre- 
querKy (the intermediate frequency) and therefore the 
seccmd oscillator 510 need only have two oscillation fre- 
quencies; the IF (for demodulation) and IF+9 (for tfie DC 
adapt step). During the fast DC adapt, the second oscil- 
lator 610 is shifted in frequency to IF+d. 
[0030] The DC adapt is performed by a number of DC 
adapt blocks. DC adapt feedback blocks 520, 530, 550 
and 560 are coupled to provide DC offset feedback can- 
cellation for amplifiers 525, 535, 555 and 565. 
[0031 ] The DC adapt block 550 estimates the DC off- 
sets of the first stage 41 0 through the use of a low pass 
filler {in a wid^aand configuration). This estimated DC 
offsets is compared to zero. The resultkig error is inte- 
grated by an integrator and feedback to the input of the 
amplifier 555. This forms a DC adapt loop which will 
converge to zero DC output after a response time. 
[0032] After the fast DC adapt step is performed, the 
secoTKl oscillator 510 switches to the IF and the low 
pass filter of the DC adapt block 550 is set to a narrow- 
tjand configuration to continue to estirrate the DC off- 
sets variation. 

[0033] The other DC adapt blocks 520. 530 and 560 
operate In a similar way, and serve to increase the 
Dynamic range of each assodated amplifier (525, 535 
and 565) by substantially cancelling the associate DC 
offsets. 

[0034] Analogue DC adapt bk>ckB 540 arid 570 are 
also provided f<3r the I and Q paths respectively, and 



these are required in the case that A/D converlers 575 
and 545 do not have enough dynamic range to accept 
amplified DC offsets present in the analogue signal. 
[0035] It will be appreciated that altemative embodi- 
5 ments to the one described Bboae are possUtile. For 
example, the value of the frequency shift d may be dif- 
ferent from that given at>ove. 

[0036] Furthermore, the complex LPF 210 could t>e 
replaced by one or more filters with cSfferent attributes, 
10 which result in sidDStantially the same DC offset value. 

Claims 

1 . A method for demodulating a radio frequency signal 
15 havir^ a first frequency (f). conprising the stqss of: 

oscillating demodulation means at a second 
frequency (F), the second frequency (F) being 
different from the first frequency (f): 

20 measuring a DC offset value from the second 

frequency (F). the DC offiset value being asso- 
ciated vt^ interna] interference: 
oscillating the demodulation means at the first 
frequency (f) in order to demodulate the radio 

25 frequency signal, thereby provMIng a demodu- 

lated signal; 

subtracting the DC offset value from the 
demodulated signal in order to provide a 
demodulated signal with a sut>stantially 
30 reduced DC component; 

monitoring the demodulated signal for further 
DC offset components; and 
subtracting the further DC offset components 
from the demodulated signal. 

55 

2. The method of claim 1 , wherein the step of measur- 
ing the DC offset value at the second frequerxiy (F) 
is performed t>y wideband k)w-pass filtering means 
and the step of monitoring the demodulated signal 

40 for further DC offset components is performed by a 
narrowtsand low-pass filtering means. 

3. The method of claim 2. wherein the wkieband and 
narrowband low-pass filtering means are provided 

46 by a single low-pass filtering means having a nar- 
rowband and a wideband mode. 

4. The method of daim 2 or claim 3. wherein each of 
the low-pass filtering means is a conplex filter. 

50 

5. The method of any preceding claim, further com- 
prising the steps of: 

isolating the demodulation means from the 
55 radio frequency signal during the step of oscit- 

lating the demodulation means at the second 
frequency (F); 

measuring a static DC offset \alue which is 
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substantially only the Internal interference of 

the demoduiaiion means; 

storing the static DC offset value in a storage 

means; 

re-connecting the demodulation means to the s 
radio frequency signal k>ef6re the step of meas- 
uring the DC offset value from the second fre- 
quency (f=). 



10. The method or arrangement of any preceding 
daim. wherein the second frequency (F) is selected 
to k>e at a frequency ^sodated with a point of sub- 
stantially minimum spectral power density of a 
power spectrum assodated with a frequency range 
of the demodulation means. 



6. The method of daim 5, further comprising the steps io 
of: 



sut)stantially removing the static DC offset 
value from the DC offset value before the step 
of subtracting the DC offset value from the is 
demodulated signal: and 
independently subtracting the static DC offset 
signal from the demodulated signal. 

7. The method of daim 5 or claim 6. further compris- 20 
ing the steps of: 



measuring a static DC offset value for each of a 
number of configurations of the demodulation 
means; 2s 
storing the static DC offset values in a storage 
means: and 

using the stored values in dependence upon 
the chosen configuration. 

30 

8. A demodulation anangement for demodulating a 
radio frequency signal having a first frequency (f), 
the arrangement comprising: 

demodulation mear^ (70) arranged to osdilate 35 
at the first frequency (f) and at a second fre- 
quency (F). the second frequency (F) being dif- 
ferent from the first frequency (f); 
filtering means (210) for measuring a DC offset 
value from the first frequency (i) and from the 40 
second frequency (F), the DC offset value 
being associated with irrterference; and 
subtracting means (220, 230) for sul>fracling 
the DC offset value from the demodulated sig- 
nal in Older to provide a demodulated signal 45 
with a substantially reduced DC component, 
wherein the demodulation means (70) initially 
osdflates at the second frequency (F) such that 
the filtering means (210) measures a DC offset 
value sut}stantra]ly dependent upon internal so 
interference. 



9. The method or arrangement of any preceding 
daim. wherein the second frequency (F) is chosen 
to be at a frequency assodated with a point of sub- ss 
sfantiaily minimum spectral power density of a 
power specfrum assodated with the first frequency 
(f). 
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